We use 101 galaxies selected from the Nearby Field Galaxy Survey (NFGS) to investigate the effect of aperture size on the star formation rate, metallicity and reddening determinations for galaxies. Our sample includes galaxies of all Hubble types except ellipticals with global SFRs ranging from 0.01 to 100 M ⊙ yr −1 , metallicities between 7.9 log(O/H) + 12 9.0, and reddening between 0 A(V ) 3.3. We compare the star formation rate, metallicity and reddening derived from nuclear spectra to those derived from integrated spectra. For apertures capturing < 20% of the B 26 light, the differences between nuclear and global metallicity, extinction and star formation rate are substantial. Latetype spiral galaxies show the largest systematic difference of ∼ 0.14 dex in the sense that nuclear metallicities are greater than the global metallicities. Sdm, Im, and Peculiar types have the largest scatter in nuclear/integrated metallicities, indicating a large range in metallicity gradients for these galaxy types or clumpy metallicity distributions. We find little evidence for systematic differences between nuclear and global extinction estimates for any galaxy type. However, there is significant scatter between the nuclear and integrated extinction estimates for nuclear apertures containing < 20% of the B 26 flux. We calculate an 'expected' star formation rate using our nuclear spectra and apply the commonly-used aperture correction method. The expected star formation rate overestimates the global value for early type spirals, with large scatter for all Hubble types, particularly late types. The differences between the expected and global star formation rates probably result from the assumption that the distributions of the emission-line gas and the continuum are identical. The largest scatter (error) in the estimated SFR occurs when the aperture captures < 20% of the B 26 emission. We discuss the implications of these results for metallicity-luminosity relations and star-formation history studies based on fiber spectra. To reduce systematic and random errors from aperture effects, we recommend selecting samples with fibers that capture > 20% of the galaxy light. For the Sloan Digital Sky Survey and the 2dFGRS, redshifts z > 0.04 and z > 0.06 are required, respectively, to ensure a covering fraction > 20% for galaxy sizes similar to the average size, type, and luminosity observed in our sample. Higher-luminosity samples and samples containing many late-type galaxies require a larger minimum redshift to ensure that > 20% of the galaxy light is enclosed by the fiber.
INTRODUCTION
Unprecedented insight into galaxy evolution has recently been obtained with very large spectroscopic surveys, including the Sloan Digital Sky Survey (SDSS) and the 2 degree Field Galaxy Redshift Survey (2dF-GRS). These spectroscopic surveys allow fundamental physical properties of galaxies to be studied with increasingly large datasets.
Galaxy star formation rates and the metallicity-luminosity relation can now be analysed as a function of redshift for samples containing thousands of galaxies (e.g., Baldry et al. 2002; Nakamura et al. 2003; Schulte-Ladbeck et al. 2004;  Electronic address: lkewley@cfa.harvard.edu 1 CfA Fellow Lamareille et al. 2004; Tremonti et al. 2004) . Unfortunately, comparisons of the spectroscopic properties of nearby galaxies with those at higher redshifts can be severely hindered by aperture effects. The combination of a fixed-size aperture and radial gradients and variations in metallicity, star-formation, and extinction can lead to a bias in these properties that may mimic or hide evolution as a function of redshift. Typical fiber diameters are 3 ′′ for the SDSS and 2 ′′ for the 2dFGRS. Spectra of nearby galaxies taken through such small apertures cover only a small portion of the nearest galaxies and capture a small fraction of their integrated light.
Early studies of the effect of aperture size on apparent galaxy properties were carried out decades ago.
de Vaucouleurs (1961) and Hodge (1963) used various aperture sizes to show that early-type galaxies are redder in their galaxy centers. Tinsley (1971) pointed out that the color-aperture relation seen in early-type spiral galaxies leads to the observation of bluer colors at higher-z in an aperture of small fixed angular size.
Recent investigations into aperture effects have focused on spectral classification and star formation rates. Zaritsky, Zabludoff, & Willick (1995) showed that galaxies in the Las Campanas Redshift Survey (LCRS) at redshifts z < 0.05 may be misclassified because the 3.5 ′′ fibers capture only the central fraction of the galaxies' light.
The Hα emission-line is commonly used to estimate star-formation rates in galaxies with redshifts z < 0.3. Pérez-González et al. (2003) analysed the Hα emission in a sample of local star-forming galaxies selected from the Universidad Complutense de Madrid (UCM) Survey. Pérez-González et al. concluded that long-slit or fiber spectra of nearby galaxies can miss substantial fractions of the emission-line flux (typically 50-70%). They suggest supplementing emission-line fluxes with direct emission-line imaging to overcome this bias. However, for large samples covering a range of redshifts, Hα imaging of every galaxy is not currently viable.
Flux calibration of spectra in fiber-based surveys is difficult. Thus Hα emission-line equivalent widths (EWs) are often used along with an r−band magnitude to estimate star formation rates. Gómez et al. (2003) pointed out that aperture bias may result in a systematic increase in the observed Hα equivalent width (EW) for higher redshift galaxies relative to lower redshift galaxies in the SDSS. Gomez et al. analysed SDSS galaxies within three equal volume redshift bins between 0.05 < z < 0.095. They found no evidence for an increase in the median and 75th percentile of the Hα EW distribution among these three bins. Hopkins et al. (2003) investigated aperture effects on Hα-based star-formation rates in the SDSS by comparing the Hα SFRs with those derived from the radio. They found that the Hα SFRs are overestimated for galaxies requiring the largest aperture corrections. The galaxies requiring the largest aperture corrections are either the closest or the most massive galaxies. Because of the large scatter between the two SFRs, Hopkins et al. were unable to quantify this aperture effect.
The effect of aperture on metallicity, extinction, and star formation rate has been difficult to quantify without high quality nuclear and global spectra for galaxies spanning a broad range in Hubble type. In this paper, we use the Nearby Field Galaxy Survey (NFGS; Jansen et al. 2000a,b) to investigate aperture effects on star-formation rate, metallicity, and extinction. The NFGS is ideal for an aperture effect investigation because it provides integrated and nuclear spectra for 198 objectively selected nearby galaxies. The NFGS (described in Section 2) spans the full range in Hubble type and absolute magnitude in the CfA redshift catalog, thus enabling an investigation into aperture effects as a function of both galaxy type and luminosity. In Section 3, we investigate and quantify the flux coverage of our nuclear and integrated spectral apertures. In Section 4, we investigate the effect of aperture on metallicity estimates. We show the effect of aperture on extinction estimates in Section 5, and we study the effect of aperture on star-formation rates in Section 6. In each section we discuss the implications of our results in terms of the SDSS and 2dFGRS fiberbased sky surveys and their current aperture-correction methods. In Section 8, we conclude that a minimum flux covering fraction of 20% is required for reliable estimates of extinction, metallicity and star formation rate, for samples with a similar mean galaxy size to that of the NFGS. Throughout this paper, we adopt the flat Λ-dominated cosmology as measured by the WMAP experiment (h = 0.72, Ω m = 0.29; Spergel et al. 2003) .
SAMPLE SELECTION AND SPECTROPHOTOMETRY
The NFGS is ideal for investigating aperture effects in galaxies because it is an objectively selected (unbiased) sample with both integrated and nuclear spectra. Jansen et al. (2000a) selected the NFGS sample by sorting the CfA1 redshift survey (Davis & Peebles 1983; Huchra et al. 1983 ) into 1 mag-wide bins of M Z . Within each bin, the sample was sorted according to CfA1 morphological type. To avoid a strict diameter limit, which might introduce a bias against the inclusion of low surface brightness galaxies in the sample, Jansen et al. imposed a radial velocity limit, V LG (km s −1 ) > 10 −0.19−0.2Mz (with respect to the Local Group standard of rest). Galaxies in the direction of the Virgo Cluster were excluded to avoid a sampling bias favoring a cluster population. Lastly, every N th galaxy in each bin was selected to approximate the local galaxy luminosity function (e.g., Marzke, Huchra, & Geller 1994) . The final 198-galaxy sample contains the full range in Hubble type and absolute magnitude present in the CfA1 galaxy survey and is a fair representation of the local galaxy population. Jansen et al. (2000b) provide integrated and nuclear spectrophotometry for almost all galaxies in the NFGS sample. They obtained integrated spectra by scanning a 3 ′′ slit across each galaxy. The resulting integrated spectra include 52-97% of the light enclosed within the B 26 isophote, with an average B 26 fraction of 82±7% for the 198 galaxy NFGS sample. These spectra represent the luminosity weighted mean of the emission from stars and H II regions over a wide range in distance from the galaxy center.The integrated emission-line properties are therefore weighted towards the highest surface brightness, largest, and least extincted H II regions.
The nuclear spectra were obtained with a 3 ′′ slit centered on the nucleus and aligned along the major axis of each galaxy, sampling 3 ′′ × 6. ′′ 84. The covering fraction of the nuclear spectra depends on the radial light profile and ranges between 0.4-72% of the light within the B 26 isophote, with an average covering fraction of 10±11%.
We have calibrated the integrated and nuclear fluxes to absolute fluxes by careful comparison with B-band surface photometry (described in  hereafter Paper I). We corrected the Hα and Hβ emissionline fluxes for underlying stellar absorption as described in Paper I.
We used two methods to correct the NFGS emissionline fluxes for Galactic extinction, based on: (1) the HI maps of Burnstein & Heiles (1984) , as listed in the Third Reference Catalogue of Bright Galaxies (de Vaucouleurs et al. 1991) , and (2) the COBE and IRAS maps (plus the Leiden-Dwingeloo maps of HI emis-sion) of Schlegel, Finkbeiner & Davis (1998) . The average Galactic extinction is E(B − V )=0.014 ± 0.003 (method 1) or E(B − V )=0.016 ± 0.003 (method 2).
To reject galaxies with significant emission from an AGN, we used the nuclear and integrated optical emission-line ratios to classify the galaxies. Kewley et al. (2001a) . In this scheme, galaxies that lie above the theoretical "extreme starburst line" in the standard optical diagnostic diagrams are classed as AGN, while those that lie below the line are classed as HII region-like. Galaxies that lie in the AGN region in one diagnostic diagram but in the HII region section of the other diagram are classed as "ambiguous" (AMB) galaxies. A fraction of galaxies in the NFGS (35/198) Figure 1 of Brinchmann et al. 2004) . Our final adopted classification is based on the nuclear class if available and the integrated class otherwise. We provide the global, nuclear, and adopted classes for the NFGS sample in Table 1 . We give quality flags, Q, for the global and nuclear classes based on the number of line ratios used for classification. Quality flags Q =1, 2, and 3 correspond to the use of { AGN, and 8/198 are "ambiguous" galaxies. The remaining galaxies do not have sufficient emission-lines in their spectra to allow classification. Many of these unclassified galaxies are ellipticals. Because ambiguous galaxies are likely to contain both starburst and AGN activity (see e.g., Kewley et al. 2001b; Hill et al. 1999 ), we do not include them in the following analysis.
We note that the fraction of AGN found in surveys may depend on the aperture size. Larger apertures may include more emission from extra-nuclear HII regions, changing the classification from AGN to HII region-like (Storchi-Bergmann 1991). The NFGS does not contain a sufficiently large number of galaxies with significant AGN activity to investigate the effect of aperture on classification quantitatively. Of the 115 NFGS galaxies with both nuclear and global classifications, 2 galaxies change class from their integrated to nuclear spectra; A0857+5242 changes from HII region-like to an AGN class, and NGC 3165 changes from HII region-like to ambiguous. It is not possible to investigate a variation in nuclear to integrated [ Kewley et al. 2001a) .
To calculate the extinction and star formation rates, we require measurable Hα and Hβ emission-line fluxes. We calculate metallicities using the , for a discussion). These errors primarily reflect the accuracy of the theoretical models used to create the metallicity diagnostics.
Any error introduced by the diagnostics is likely to be systematic (e.g., Kobulnicky & Kewley 2004 ). Because we are using the same metallicity diagnostic for both nuclear and integrated spectra, errors in the relative metallicities should be ≪ 0.1 dex.
We corrected the emission line fluxes for reddening using the Balmer decrement and the Cardelli, Clayton, &Mathis (1989) (CCM) reddening curve. We assumed an R V = A V /E(B−V) = 3.1 and an intrinsic Hα/Hβ ratio of 2.85 (the Balmer decrement for case B recombination at T= 10 4 K and n e ∼ 10 2 − 10 4 cm −3 ; Osterbrock 1989). After removing underlying Balmer absorption, 6/101 galaxies have Hα/Hβ < 2.85 for both integrated and nuclear spectra, 11/101 galaxies have Hα/Hβ < 2.85 for nuclear spectra and Hα/Hβ > 2.85 for integrated spectra, and 3/101 galaxies have Hα/Hβ < 2.85 for integrated spectra and Hα/Hβ > 2.85 for nuclear spectra. A Balmer decrement < 2.85 results from a combination of: (1) intrinsically low reddening, (2) errors in the stellar absorption correction, and (3) errors in the line flux calibration and measurement. Errors in the stellar absorption correction and flux calibration are discussed in detail in Paper I, and are ∼12-17% on average, with a maximum error of ∼ 30%. For the S/N of our data, the lowest E(B-V) measurable is 0.02. We therefore assign these galaxies an upper limit of E(B-V)< 0.02. The difference between applying a reddening correction with an E(B-V) of 0.02 and 0.00 is minimal: an E(B-V) of 0.02 corresponds to an attenuation factor of 1.04 at Hα using the CCM curve.
FLUX COVERAGE
3.1. Reference flux: B 26 isophote For our analysis, we define flux coverage in terms of the flux contained within the directly observed B 26 isophote. Because we are investigating the emission-line properties of the NFGS galaxies, we assume that the majority of the emission-line gas is contained within the B 26 isophote. This assumption could potentially introduce selection effects into our analysis if the flux contained within the B 26 isophote differs systematically from the total B-band flux as a function of galaxy type or luminosity. Figure 1 compares the fraction of B 26 light captured within our integrated spectral aperture, I int /I B26 , with (Marzke et al. 1998 , after conversion to our adopted cosmology) . The solid y=x line shows where the data would lie if I B 26 is representative of the total B-band flux. The mean offset from the y=x line is 0.039 ± 0.003. The majority (72/82 ∼ 88%) of the galaxies have a mean offset close to 0.039, regardless of luminosity. The light contained within the B26 isophote provides a well-defined and largely unbiased proxy for the total flux. the fraction of extrapolated total B-band light, I tot , captured within our integrated spectral aperture, I int /I tot . The solid y=x line shows where the data would lie if the B 26 flux represented 100% of the B-band total flux. The mean deviation of our data from the y=x line is 0.039 ± 0.003. A small fraction of galaxies (10/101) deviate from the y=x line by more than 0.07. These 10 galaxies include 2 early-type spirals (S0-Sab), 5 latetype spirals (Sb-Sd) and 3 very late-types (Sdm-ImPec). Therefore, the use of the B 26 flux as a reference should not introduce a bias as a function of galaxy type. The galaxies in Figure 1 are color-coded according to their B-band Magnitude. We assume M * = −20.22 (Marzke et al. 1998 , ; after conversion to our adopted cosmology). The 10 outlying galaxies fall in the lower two luminosity bins (M B > −20.22; black and blue symbols). However the majority (72/82 ∼ 88%) of the galaxies with M B > −20.22 display a similar deviation from the y=x line than the M B < −20.22 galaxies (red symbols). We conclude that the use of the B 26 flux as a reference should not introduce a significant bias as a function of luminosity.
In Figure 2 , we compare the fraction of B 26 light captured within our integrated spectral aperture (I int /I B26 ) with the blue absolute magnitude. The Spearman Rank test gives a correlation coefficient of -0.19. The probability of obtaining this value by chance is 6%, indicating that I int /I B26 is correlated (albeit weakly) with M B . Robust correlation methods give similar correlation coefficients; both the Biweight Midcovariance method and Pearson's Product Moment Correlation give correlation coefficients of -0.22. This correlation is driven by the 6/101 galaxies with I int /I B26 < 0.7 and the 7/101 galaxies more luminous than M B = −21. Excluding these 13 galaxies gives a correlation coefficient of -0.05, with a probability of obtaining this value by chance of 66%. The integrated spectral properties of the 6 galaxies with I int /I B26 < 0.7 may not be representative of their global properties. We therefore mark these galaxies with a large circle in the Figures in the subsequent sections.
In Figure 3 we compare I int /I B26 with the B-band central surface brightness, µ B 0 . Not surprisingly, the integrated spectral aperture includes a larger portion of the B 26 light for brighter galaxies. The Spearman Rank, Pearson's Product Moment, and the Biweight Midsector tests indicate that I int /I B26 is correlated with µ B 0 ; the correlation coefficient is -0.36, -0.36, -0.34 respectively (the probability of obtaining this value by chance is 0.03%). This correlation is partly driven by the 6 galaxies with I int /I B26 < 0.7 and the 12 galaxies with µ B 0 < −19.5. Removing these 17 galaxies does not entirely remove this correlation; a weak correlation remains with a correlation coefficient of -0.17, -0.13, -0.13 for the three methods respectively (the probability of obtaining such a value by chance is 11%). Nonetheless, Figure 3 shows that this correlation is less a systematic trend with µ B 0 than an increased scatter in I int /I B26 toward lower surface brightness galaxies, such that the integrated aperture is more likely to be representative of the total B 26 light for galaxies with the highest central surface brightness. . We find a mild trend towards lower average integrated B 26 fractions and a larger range in integrated B 26 fractions for lower surface brightness galaxies. light captured within our integrated spectral aperture compared with numeric morphological type T from (Jansen et al. 2000a ). We find no statistically significant dependence of I int /I B 26 on morphological type. Figure 4 shows the range in I int /I B26 as a function of numeric morphological type, T , described in (Jansen et al. 2000a ). There is no statistically significant systematic offset between the I int /I B26 values as a function of numeric type. Figure 5 compares the range in the fraction of B 26 light captured by the nuclear aperture, I nuc /I B26 , to the fraction of B 26 light contained within the integrated aperture, I int /I B26 , for our 101-galaxy sample. The nuclear spectra capture a significantly larger fraction of the B 26 light for early-(S0-Sab) than for late-type (Sb-Scd) spiral galaxies. The nuclear B 26 fraction, I nuc /I B26 , ranges between 0.01 and 0.33, with an average value of ∼0.07 and an rms scatter of 0.07. The integrated spectra sample a much larger fraction of the B 26 light: I int /I B26 spans the range 0.52-0.96 with an average of 0.81 and an rms scatter of 0.07. For our sample, the average size 2 of the elliptical isophote that encompasses 81% of the B 26 emission is 21.
Nuclear versus Integrated Flux Coverage
′′ 94±0. ′′ 40 (with an rms of 9. ′′ 60), or ∼4.35 kpc 3 . For the purpose of our analysis, we define the relative nuclear/integrated B 26 fraction as:
The integrated spectra sample 81.0% of the B 26 emission on average. Hence the relative nuclear/integrated B 26 fractions ζ = 0.1, 0.2, 0.3 or 1.0 correspond to 10%, 20%, 30% or 100% of ∼81% of the light encompassed within the B 26 isophote on average, or equivalently, ∼8.1%, 16.2%, 24.3%, or 81.0% of the total light within the B 26 isophote. The mean galaxy diameters for our sample that correspond to these ζ are ∼1.4, 2.1, 2.8 and 8.7 kpc. Table 3 gives the mean ζ and the mean diameter of the B 26 isophote for early-type spiral galaxies, late-type spirals, and late-type/irregular galaxies (Sdm-Im/Pec). The mean value of ζ for early-type spirals is 0.17, compared with 0.07 for the later types. In our sample, earlytype galaxies are on average smaller in angular extent than late-types and their surface brightness profiles are steeper (see Jansen et al. 2000a ). Later-type galaxies have shallower profiles, consistent with smaller contributions from a bulge component relative to their disk (e.g., Möllenhoff 2004 ). In Table 4 we list the mean elliptical radii (in arcseconds) that enclose varying fractions of the B 26 light, expressed both directly and in terms of the relative nuclear/intergrated B 26 fraction, ζ. We compute the radii from the radial surface brightness profiles of Jansen et al. (2000a) . Because the radii are not directly calculated from the B-band images, they do not take any high spatial frequency substructure into account. Figure 6 shows the relationship between angular size and redshift for ζ = 0.1, 0.2, 0.3, and 1.0. The solid line represents the mean B 26 diameter of the NFGS galaxies in our sample (∼ 16.2 kpc). Dotted, dashed, dot-dashed,and long-dashed lines correspond to ζ = 0.1, 0.2, 0.3, and 1.0 respectively. The colored symbols on Figure 6 show our 101-galaxy sample, artificially redshifted by requiring that the median redshift of the sample is at z = 0.3, 0.4, 0.5, 0.6. The symbols give the Hubble type distribution. Arrows in Figure 6 mark the angular size of the 2dF and SDSS fibers. Clearly, the ζ which would produce a spectrum that mimics our integrated spectrum (∼ 81%) is attained with SDSS fibers at redshifts z 0.2 and with 2dF fibers at redshifts z 0.3. Samples containing many early-types require a lower redshift to obtain a high ζ with SDSS or 2dF fibers; samples containing many late-types require a larger redshift.
The symbol colors in Figure 6 correspond to the three luminosity bins shown in previous figures. There is a strong dependence of ζ on luminosity. At higher redshift, magnitude limited samples contain galaxies with higher luminosities on average than local samples because the galaxies at the faint end of the luminosity function are missing. Figure 7 shows ζ = 0.1, 0.2, 0.3, 1.0 for the mean diameter of the M B < M ⋆ galaxies in our sample. Clearly for samples containing M < M ⋆ galaxies similar to those in the NFGS, there is no practical redshift which provides a ζ that mimics our integrated spectrum. Figure 7 illustrates the importance of understanding the relationship between the luminosity range of a sample and the flux coverage of the aperture. In the following Sections, we investigate the flux coverage required to provide representative estimates of metallicity, star formation rate and extinction.
In the remainder of this paper, we assume that our integrated spectra are representative of the emission-line properties within the B 26 isophote. Six galaxies have We artifically redshifted our 101-galaxy sample by requiring that the median redshift become z = 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6. The depth of the sample along the line of sight is preserved. The original selection of the NFGS galaxies is reflected by the slight slant of the data points with respect to the vertical (show only for z ≥ 0.3), with higher luminosity galaxies (red symbols) being farther away. Luminosity ranges (and corresponding colors) are as in Figure 1 . Solid (open) circles represent the mean (median) angular sizes of the B 26 isophote in the redshifted sample, and the open bars represent the quartile range. The solid curve, represents the mean diameter of the B 26 isophote (∼16.2 kpc for the un-redshifted sample). Dotted, short-dashed, dot-dashed and long-dashed curves correspond to relative covering fractions ζ = 0.1, 0.2, 0.3 and 1.0, respectively. For a mean NFGS galaxy diameter of ∼16.2 kpc, these values of ζ correspond to 1.4, 2.1, 2.8 and 8.7 kpc, respectively. ζ = 1.0 corresponds to the average fraction of the light that is captured by our integrated spectra, i.e., ∼81% of the total light enclosed by the B 26 isophote. The angular sizes of the 2dF and SDSS fibers are indicated by the grey arrows for reference. Reliable global metallicities require a minimum ζ of atleast 0.2 (short-dashed line). integrated covering fractions < 0.7, for which this assumption may not be valid. We mark these galaxies in each figure with a circle.
METALLICITY
Aperture effects on metallicity estimates result from metallicity gradients. Aller (1942) first noticed gradients in the emission-line ratio [O III]/Hβ within the late-type spiral M33. Searle (1971) then interpreted the radial change in the [O III]/Hβ ratio as a radial decrease in metallicity (O/H). Abundance gradients have now been observed in many galaxies (see Henry & Worthey 1999 , for a review). Various hypotheses have been proposed to explain abundance gradients: (1) radial variation of stellar yields caused by IMF differences between the spiral arms and the interarm regions (e.g. Guesten & Mezger 1982) ; (2) a star formation rate dependence on radius (Phillipps & Edmunds 1991) ; (3) Edmunds & Greenhow 1995). Current chemical evolution models include a combination of these three processes (e.g., Churches, Nelson, & Edmunds 2001) .
The dependence of the metallicity gradient on galaxy type is unknown. Massive late-type spirals like M101 have large metallicity gradients; the H II region metallicities decrease by an order of magnitude from the inner to the outer disk (see e.g., Shields 1990 , for a review). However, not all galaxies have strong metallicity gradients. Many barred spiral galaxies have weaker metallicity gradients than spirals of similar type (e.g., Pagel et al. 1979; Roy& Walsh 1997) , suggesting that radial gas flows suppress or mix metallicity gradients (Roberts, Huntley, & van Albada 1979; Martin & Roy 1994; Roy& Walsh 1997, e.g.,) (but c.f. Considère et al. 2000) Despite numerous studies, it is unclear whether earlytype spiral galaxies have weaker metallicity gradients than late types. Metallicity gradient comparisons may be affected by variations in mass, luminosity and gas fraction, as well as dynamical effects such as radial gas flows (see e.g., Mollá, Ferrini, & Díaz 1996 , for a review). Smith (1975) found weaker gradients in early-type spirals than in late types. However, Edmunds (1984) argued that the metallicity gradient in early-types is similar to that in late types. Garnett & Shields (1987) showed that the Sab galaxy M81 has a similar gradient to the gradients observed in later-type spirals with similar mass, Fig. 8.-Abundance ratio (nuclear/integrated) in log units versus the relative (nuclear/integrated) B 26 covering fraction ζ for the NFGS galaxies as a function of Hubble type and luminosity at a fixed ζ. The six galaxies with integrated B 26 fractions I int /I B 26 < 0.7 are marked with a large circle. For small ζ (0-0.1) the abundance ratio has considerable scatter. The scatter is a function of galaxy type. With small apertures ( 10% of the light) the metallicity is systematically over-estimated for most galaxies. Although errors in the absolute metallicities are ∼ 0.1 in log(O/H)+12 units, these errors primarily reflect the accuracy of the theoretical models used to create the metallicity diagnostics. Any error introduced by the diagnostics is likely to be systematic (see Kobulnicky & Kewley 2004 , for a discussion). Because we are using the same metallicity diagnostic for both nuclear and integrated spectra, errors in the relative metallicities should be ≪ 0.1 dex. luminosity, and gas fraction.
These complex metallicity gradients may introduce random and/or systematic errors into the luminosity-metallicity relation found in fiber surveys Lamareille et al. 2004; Maier, Meisenheimer, & Hippelein 2004) . The combination of strong metallicity gradients with a small fixedangular size aperture may produce a decrease in global galaxy metallicities with increasing redshift until the aperture size is comparable to the galaxy size. On the other hand, weak metallicity gradients may have little or no effect on metallicities obtained with a small fixedangular size aperture. Figure 8 shows the metallicity ratio (nuclear metallicity -integrated metallicity in log(O/H) units) versus ζ for the Hubble types and luminosity ranges in our sample. Use of ζ as a covering fraction diagnostic assumes that our integrated spectra are representative of the total emission within the B 26 isophotal radius. The dotted line shows where the data would lie if the nuclear and integrated metallicities were identical. The nuclear metallicities exceed the integrated metallicities on average by ∼ 0.13 dex for our 101-galaxy sample.
The inclination of the galaxies (whether a galaxy is viewed face-on or edge-on) may influence whether a strong abundance gradient is observed. In Figure 9a we plot ellipticity versus metallicity ratio. There is no correlation between ellipticity and nuclear to integrated metallicity ratio. Because ellipticity is only a very crude measure of inclination, a lack of correlation between ellipticity and metallicity ratio does not rule out a correlation between inclination and metallicity ratio.
For small ζ (0-0.1), the metallicity ratio has a large scatter. Table 3 gives the mean and rms scatter in ζ and metallicity ratio for early type spirals (S0-Sab), late type spirals (Sb-Sd) and very late Hubble types (SdmIm/Pec). Clearly the galaxy distribution in Figure 8 is influenced by Hubble type and luminosity. The mean metallicity ratio for late types (Sb-Sd) is 0.14 ± 0.02 dex compared with 0.09 ± 0.03 dex for the early types (S0-Sab) and 0.11±0.06 dex for the very late types (Sdm-ImPec). We note that the NFGS early-type galaxies have larger ζ on average than the later galaxy types. The minimum ζ for early-types is 0.046. For 0.046 < ζ < 0.15, the difference between the early, late-type and very late-type mean metallicity ratios is not significant within the errors (0.13 ± 0.05, 0.14 ± 0.02, 0.11 ± 0.05). Figure 8 and Table 3 show that the very late-type galaxies show considerably more scatter in metallicity ratio than early types or late-types. This difference is dominated by the 4 Sdm-Im galaxies with small ζ; for 0.046 < ζ < 0.15, the early-types and late types have comparable scatter about their mean metallicity to the very late-types (0.13-0.14 c.f. 0.10). However, a larger sample of early-types is required to judge whether the difference in scatter at small ζ is significant. Table 5 gives the fraction of galaxies of each Hubble type within three luminosity ranges. The Sdm, Im, and Peculiar galaxies have the smallest range in luminosities, with the majority of luminosities M B > −18.12. Low-luminosity Sdm, Im, and Peculiar galaxies often have diffuse or patchy star-formation distributions that may result in a wide range of metallicity gradient slopes (see Figure 2 .3 in Jansen et al. 2000a) . A patchy metallicity distribution might result from randomly distributed star forming regions with a relatively long time between bursts. Figure 8 and Table 3 show that if ζ 0.2, the estimated metallicity exceeds the global metallicity by ∼ 0.13 dex (log(O/H) units) on average. The range in metallicity gradients observed in galaxies (i.e., the scatter in Figure 8 ) introduces an error up to ±0.6 dex in metallicity. As ζ increases from 0.01 to 0.4, the scatter decreases and the metallicity ratio tends towards zero. The data suggest that a flux covering fraction of ζ > 0.2 (i.e.
Effect of Aperture on Metallicity
20% of the galaxy B 26 light) is required for a reliable indication of the global metallicity value. We note that only a small fraction of our sample (9 galaxies) have ζ > 0.2. The majority (6/8) of these galaxies are early-type spirals. A similar number of early-type spirals in our sample have ζ < 0.2 (11 galaxies). If the reduction in scatter for ζ > 0.2 is not real, then we would expect the scatter to be similar for the early-types with ζ < 0.2 and the early-types with ζ > 0.2. The rms scatter for early-types for ζ < 0.2 is 0.14 compared to 0.03 for ζ > 0.2, indicating that the reduction in scatter for ζ > 0.2 is likely to be real. For other galaxy types, our results indicate that an aperture which contains less than 20% of the global galaxy B 26 light is inadequate. A larger sample is required to verify the specific aperture size at which the metallicities will approximate the global values.
For the SDSS fiber, a redshift z 0.04 is required to reach ζ 0.2, assuming the SDSS samples cover a similar range of luminosity and Hubble type as our sample. For the 2dF fiber, a redshift z 0.06 is required. If metallicities are estimated using strong-line ratios from the SDSS or 2dF fiber spectra for objects at redshifts z 0.04 or z 0.06 respectively, errors in the metallicity estimates could be significant (up to ±0.6 dex in log(O/H)), and metallicities are likely to be systematically over-estimated by ∼ 0.13 dex on average if the late-type fraction is similar to the NFGS. The situation is worse for high luminosity samples. For SDSS samples with a mean luminosity L > L ⋆ , a redshift of z 0.09 is required to reach ζ 0.2. For 2dFGRS samples, with L > L ⋆ , a a redshift of z 0.14 is required. Note that more conservative (i.e. larger) lower limits on z are required to ensure that most galaxies (not just the typical galaxy) in a given sample yield reliable metallicity estimates.
Implications for the Luminosity-Metallicity
Relation Recent investigations into the luminosity-metallicity relation using fiber surveys may be affected by the metallicity gradient aperture effect. For galaxies at the same z, the aperture effect is larger at higher luminosities. This problem may affect the slope of luminosity-metallicity relations. Lamareille et al. (2004) calculated the luminositymetallicity relation for 6387 2dFGRS galaxies between redshifts of 0 < z < 0.15, with a median redshift of 0.11. The redshift limit of z = 0.15 corresponds to our B 26 covering fraction of ∼ 50% and ζ ∼ 0.6, assuming that the median size, luminosity and type of the 2dFGRS galaxies is the same as in the NFGS sample. The median redshift of the 2dFGRS sample corresponds to a ζ ∼ 0.45. It is likely therefore that a minor fraction of the 2dFGRS metallicities (galaxies at redshifts 0.06) are affected by the aperture-metallicity effect (Figure 8 ). The galaxies at redshifts < 0.06 may have apparent metallicities higher than their global metallicities by ∼ 0.1 dex on average with a large scatter introduced by aperture effects and metallicity gradients.
Schulte-Ladbeck et al. (2004) calculated the SDSS luminosity-metallicity relation for 13,000 SDSS galaxies between redshifts of 0 < z < 0.3. They show luminosity-metallicity plots for large, small and compact star-forming galaxies within four redshift ranges: 0 < z ≤ 0.05, 0.05 < z ≤ 0.1, 0.1 < z ≤ 0.2 and 0.2 < z ≤ 0.3. The 3 ′′ SDSS fiber produces a ζ 0.15 for the redshift range 0 < z ≤ 0.05 for the typical diameter of our NFGS sample. In this redshift range, the SDSS latetype star-forming galaxies may have metallicities that are overestimated compared to their global metallicities. In addition, the metallicity estimates of the late-types and very-late types in the SDSS sample are probably prone to the large scatter that we observe in Figure 8 at small ζ. The 0 < z ≤ 0.05 luminosity-metallicity relation is probably dominated by aperture effects. Figure 6 indicates that the remaining redshift ranges in Schulte-Ladbeck et al. are probably not strongly influenced by aperture effects except possibly at the highest luminosities, unless their galaxy properties differ significantly from those in the NFGS, and/or our chosen minimum covering fraction of ζ > 0.2 is too low for late type galaxies that are not well represented in our ζ > 0.2 sample. Tremonti et al. (2004) used 210,000 SDSS galaxies with redshifts between 0.03 < z < 0.25 to calculate the luminosity-metallicity and mass-metallicity relations. They selected this redshift range to minimize aperture effects. As a result of this selection criterion, the SDSS luminosity-metallicity and mass-metallicity relations are probably not seriously affected by a metallicity gradient aperture effect.
We note that luminosity-metallicity relations are very sensitive to the choice of metallicity diagnostic; different diagnostics can produce metallicity estimates that differ systematically by ∼ 0.1 − 0.2 dex (e.g., . Therefore, differences between Lamareille et al. (2004) and other luminosity-metallicity relations may be influenced by the choice of metallicity diagnostic as well as by the aperture-metallicity effect.
We conclude that comparison of luminosity-metallicity relations requires (1) careful attention to aperture effects, particularly to the dependence of these effects on luminosity, and (2) use of the same metallicity diagnostic.
EXTINCTION
Dust grains form from heavy elements. Thus one might expect an extinction gradient in disk galaxies similar to the metallicity gradient (unless the dust grains are depleted from the H II regions). Observations of extinction in H II regions of disk galaxies give conflicting results. Sarazin (1976) used radio and optical observations to show that extinction gradients exist in M101 and M33. These gradients were confirmed by Viallefond & Goss (1986) and Israel & Kennicutt (1980) . More recently, Jansen et al. (1994) and Roy& Walsh (1997) reached similar conclusions. Jansen et al. (1994) showed that similar extinction gradients exist in three highly-inclined spiral galaxies to those in our Galaxy and in the Sombrero galaxy. Roy& Walsh (1997) examined the extinction gradient in the barred spiral galaxy NGC 1365 and showed that the extinction decreases 0.4-0.6 mag from the nucleus to the edge of the disk. However, Kaufman et al. (1987) found a significant scatter in radio-derived extinction measurements for H II regions in the disk of the early-type spiral galaxy M81. Kaufman et al. ascribed this scatter to a patchy dust distribution external to the H II regions. They found little evidence for a strong extinction gradient, in contrast with the previous work on M33 and M101. We note that M81 is a member of an interacting triplet and its extinction properties may be influenced by the interaction. However, Kennicutt, Keel & Blaha (1989) reached conclusions similar to Kaufman et al. in their comparison between various H II region-like nuclei and disk H II regions. Kennicutt et al. tentatively conclude that although optical extinction (derived from the Balmer decrement) is important for individual H II regions and nuclei, the effect of extinction between nuclear and disk H II regions is similar. Figure 10 shows the nuclear -integrated A(V ) versus ζ. Table 3 gives the mean ∆A(V ) and the scatter about the mean for the early, late, and very late type galaxies. As we have discussed in Section 2, a number of galaxies in our sample have intrinsically low reddening, with an upper limit of E(B − V ) < 0.02 (A(V ) = 0.061) for their integrated and/or nuclear spectra. We calculated the mean and rms ∆A(V ) for A(V ) = 0.061 and A(V ) = 0.0. The difference between using A(V ) = 0.061 or A(V ) = 0.0 is smaller than the size of the data points in Figure 10 and the effect on A(V ) properties in Table 3 is negligible.
In Figure 9b we plot ellipticity versus ∆A(V ). There is no correlation between ellipticity and ∆A(V ) but this result does not rule out a correlation between inclination and ∆A(V ).
The sample mean ∆A(V ) is consistent with ∼ 0 within the errors, indicating that there is no significant offset between the nuclear and integrated A(V ) on average. This result is consistent with the flat extinction gradients observed by Kennicutt, Keel & Blaha (1989) and Kaufman et al. (1987) , but our result appears to be inconsistent with the extinction gradients observed with radio data for M101 and M33. However, radio-derived extinction measurements are known to systematically exceed those calculated using the Balmer decrement for the same H II regions (e.g., Sarazin 1976; Israel & Kennicutt 1980; Caplan & Deharveng 1986; van der Hulst et al. 1988; Kennicutt, Keel & Blaha 1989; Bell et al. 2002) . Indeed, radio continuum fluxes predict a higher extinction in H II nuclei than in disk H II regions, even though the extinction measured using the Balmer decrement is similar (with large scatter) for nuclear and disk H II regions (Kennicutt, Keel & Blaha 1989) . Kennicutt et al. attributed this discrepancy to low-level AGN contribution. However a similar discrepancy is seen in the Magellanic Clouds HII regions study by Bell et al. (2002) . The cause of this discrepancy is unknown. A lower Balmer decrement extinction estimate may result from the presence of dust grains with a flat optical absorption curve (Sarazin 1976) , or an inhomogeneous (clumpy) distribution of absorbing material/dust (Sarazin 1976; Caplan & Deharveng 1986; Kaufman et al. 1987; van der Hulst et al. 1988) . The presence of clumpy dust may cause scatter in Figure 10 . Systematic effects on the optical Balmer decrement are likely to be minimized in Figure 10 because we use the ratio of the nuclear to integrated Balmer decrement where both the nuclear and integrated Balmer decrements are derived using the same method. Figure 10 indicates that for ζ < 0.2, the extinction for an individual galaxy may be overestimated or underestimated by up to 1 mag. If ζ is very small ( 0.03), the extinction may be up to 3 magnitudes smaller or larger than the global value. Late-type galaxies are probably more strongly affected by this aperture effect than early or very late types; late type galaxies have the largest scatter in ∆A(V ) (0.7 rms vs. 0.4-0.5 rms). The best global extinction estimates from the 2dFGRS and SDSS are likely to occur at redshifts 0.06 and redshifts 0.04, respectively ( Figure 6 ) for samples with similar properties to the NFGS. Samples containing higher luminosity galaxies, or many late-type galaxies require larger minimum redshift limits.
Effect of Aperture on Extinction

STAR FORMATION RATE
Metallicity and extinction estimates are usually calculated using emission-line ratios that have not been corrected for metallicity or extinction gradients because these gradients are not known a priori. Optical star formation-rates, on the other hand, require emission-line luminosities. The effect of aperture on emission-line luminosities can lead to strong biases in star-formation rate studies. The potential implications of these biases are discussed by several authors Pérez-González et al. 2003; Hopkins et al. 2003; Nakamura et al. 2003) .
To avoid strong biases, the luminosities and starformation rates derived from fiber surveys are corrected for aperture effects. The simplest aperture correction methods assume that the emission measured through the fiber is representative of the entire galaxy. One such method was applied to the SDSS Hα and [O II] SFRs by Hopkins et al. (2003) (hereafter H03). H03 multiplied the emission-line equivalent widths by the flux at the effective wavelength of the SDSS r-band filter. H03 also applied a more explicit aperture correction A based on the difference between the total galaxy magnitude r total and the magnitude calculated from the fiber spectrum r fiber :
−0.4(r total −r fiber ) .
(2) This technique is roughly equivalent to multiplying our NFGS nuclear fluxes by the ratio of the integrated to nuclear covering fractions. Both of the methods outlined in H03 assume that the distribution of the line emission (active star formation regions) is identical to that of the stellar continuum emission (older stellar population). However. Hα and r-band continuum images of spiral galaxies show marked differences. Lehnert & Heckman (1996) showed that spiral galaxies selected to have regular symmetric profiles in r-band continuum images do not have regular, symmetric Hα+[N II] emission. Rather, the Hα+[N II] emission appears clumpy with filaments. In some cases, the Hα+[N II] emission forms largescale regions with bubble and/or shell-like structures. Even early-type spirals show very diverse Hα morphologies, despite similar r−band continuum morphologies (Hameed & Devereux 1999) . Brinchmann et al. (2004) proposed a more complex aperture correction method. They calculate the likelihood distribution of the star formation rate for a given set of spectra with global and fiber g −r and r−i colours. Brinchmann et al. tested this method using galaxies within the SDSS with different fiber covering fractions. They conclude that their correction method is robust only if ≥ 20% of the total r-band light is sampled by the fiber, in remarkable agreement with our conclusions for metallicity and extinction.
We calculate star-formation rates for our NFGS sample using the Hα luminosities and the Kennicutt (1998) Fig. 11.-SFR ratio (nuclear/integrated) versus the relative (nuclear/integrated) B 26 covering fraction ζ for the NFGS galaxies as a function of Hubble type. The six galaxies with integrated B 26 fractions I int /I B 26 < 0.7 are marked with a large circle. For small ζ (0.01-0.2) the SFR ratio has considerable scatter. The scatter is a function of galaxy type. The estimated error in the SFR from Hα for the NFGS is ∼ 30%. SFR(Hα) calibration (as described in . To simulate the effect of the simple aperture correction methods of H03, we multiply our nuclear SFRs by the ratio of the corresponding integrated to nuclear covering fractions. This process provides crude 'expected' global SFR estimates for comparison with SFRs derived from our integrated spectra.
In Figure 9c we plot ellipticity versus the ratio of 'expected' to integrated Hα star formation rates (SFR ratio). There is no correlation between ellipticity and SFR ratio but this result does not rule out a correlation between inclination and SFR ratio. Figure 11 shows the ratio of expected to integrated Hα star formation rates versus ζ. Table 3 gives the mean and rms scatter for the early, late and very late types. The mean SFR ratio for early-type spirals is 1.47 ± 0.23. A mean SFR ratio > 1 indicates that SFRs calculated by this widely used prescription overestimate the true global SFRs on average, despite the fact that the early types have a larger ζ (0.17 c.f. 0.07). H03 found a similar effect when they compared their Hα SFRs with those measured using the radio 1.4GHz flux. The H03 Hα SFRs are overestimated for galaxies requiring the largest aperture corrections. The largest galaxies typically require the largest aperture corrections. The expected SFRs may be overestimated if the star-forming regions in early-types are centrally concentrated (Hameed & Devereux 1999; James et al. 2004) .
The mean SFR ratio for the late-types is 0.85 ± 0.08, implying that we miss ∼ 10−20% of the star formation by assuming that the emission-line gas follows an identical profile to the continuum emission. Star formation that is extended or that occurs preferentially in the outer regions of late type galaxies probably explains this result (e.g., Bendo et al. 2002) .
For small ζ < 0.2, there is substantial scatter between the nuclear and integrated SFR measurements (rms scatter = 0.70). We therefore recommend that SFR studies use spectra with ζ > 0.2, confirming the conclusion of Brinchmann et al. (2004) .
For ζ > 0.2, although the scatter is reduced, there is a danger that the expected SFR value over-estimates the true SFR. For ζ > 0.2 the corrected small aperture measurement predicts a value that is 60 ± 20% larger than our integrated spectrum, even when the aperture ζ approaches 0.4. Only 8 galaxies in our sample have ζ > 0.2 and most of these galaxies are early-types. A larger sample of galaxies with flux covering fractions between 0.2-1 is required to determine whether this SFR overestimate is a serious concern. However, these results serve as a warning that there is danger in determining the global SFR by applying a simple aperture correction, even for ζ as large as 0.4. Note that in a fixed aperture fiber survey galaxies with higher luminosities or late-type galaxies need to be at a larger redshift to ensure that ζ > 0.2.
IMPLICATIONS FOR STAR FORMATION HISTORY STUDIES
Some fiber-based SFR studies cover redshifts z > 0.05 to minimize the potential aperture bias Brinchmann et al. 2004 ). As we discussed in Section 4.2, a redshift of z > 0.05 corresponds to mean ζ > 0.2 for the SDSS. Figure 11 and the results of Brinchmann et al. show that ζ > 0.2 is sufficient to avoid the strong scatter introduced with smaller flux covering fractions. However, SFR calculations that assume identical Hα-emission and continuum distributions may systematically overestimate SDSS SFRs up to redshifts of at least z = 0.1 (assuming a 17.7 kpc B 26 isophotal diameter galaxy), especially if the galaxies contain star-forming regions that are more centrally concentrated than the continuum emission. Care should be taken when comparing star-formation rates derived from emission-lines in fiber surveys and those obtained with larger apertures or by photometric methods.
CONCLUSIONS
We investigate the effect of aperture size on the star formation rate, metallicity and extinction for 101 galaxies from the objectively selected Nearby Field Galaxy Survey. Our sample includes galaxies of all Hubble types except ellipticals with SFRs ranging from 0.01 to 100 M ⊙ yr −1 and spans a large range in metallicity, starformation rate and extinction. We calculate an 'expected' star formation rate using nuclear spectra and applying the commonly-used aperture correction method. We compare the metallicity, extinction and star formation rate derived from nuclear spectra to those derived from integrated spectra. We find that:
• For flux covering fractions < 20% (ζ < 0.2) the difference between the nuclear and global metallicity, extinction and star formation rate is substantial. An aperture that contains less than 20% of the B 26 light is inadequate at providing reliable estimates of the global metallicity, SFR or extinction.
A larger sample of galaxies is required to determine the specific aperture size at which the metallicity, extinction, and star formation rates will approximate the global values.
• For flux covering fractions < 20%, the aperture effect on metallicity depends on Hubble type. This dependence occurs because of differences in the metallicity gradients. Late-type spiral galaxies show the largest systematic difference (∼ 0.14 dex) between nuclear and global metallicities. The largest difference (scatter) between the nuclear and global metallicities occurs for Sdm-Im, and Peculiar galaxies, indicating a large range in metallicity gradients for these galaxy types.
• We find little evidence for systematic differences between nuclear and global extinction estimates for any galaxy type. However, there is significant scatter between the nuclear and integrated extinction estimates for flux covering fractions < 20%.
• The 'expected' star formation rate overestimates the global value for early-type spirals and a slightly underestimates the global value for late-type spirals, but with large scatter. The systematic differences probably result from the aperture correction assumption that the distributions of the emissionline gas and the continuum are identical. The large scatter (error) in the estimated SFR occurs when the aperture covering fraction is < 20%.
These aperture effects impact investigations into the luminosity-metallicity relation and star-formation history using fiber surveys unless samples have been selected with a lower limit on z. To avoid the systematic and random errors from aperture effects, we recommend selecting samples with fiber covering fractions that capture > 20% of the galaxy light. Redshifts z > 0.04 and z > 0.06 are required to minimize these aperture effects in the Sloan Digital Sky Survey and the 2dF Galaxy Redshift Survey respectively, assuming that these samples contain galaxies with similar properties to those in the NFGS. Samples containing galaxies with higher luminosities and samples containing more late-type galaxies than in the NFGS require larger redshift limits. 
